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[Name of the Document] Specification 
[Title of the Invention] 

TRANSMISSION- LINE MONITORING METHOD AND 

APPARATUS 

[Claims] 
[Claim U 

A transmission line monitoring apparatus for 
monitoring faults occurring in a transmission line and in 
apparatus which are connected to the transmission line, saxd 

transmission line monitoring apparatus comprising: 

a first optical coupling unit which couples a 
down data signal of a first wavelength and an examination 
signal of a second wavelength so as to transmit a first coupled 
signal to a lower apparatus; 

a first optical dividing unit which receives 
said first coupled signal from said optical coupling unit so 
as to divide said first coupled signal into said down data 
signal with the first wavelength and said examination signal 

with the second wavelength; 

a second optical coupling unit which couples an 
up data signal with the first wavelength and said examination 
signal with the second wavelength from said first optxcal 
dividing unit so as to transmit a second coupled signal toward 

a host apparatus; 

a second optical dividing unit which receives 

said second coupled signal from said second optical coupling 
unit so as to divide said second coupled signal into sa3.d up 
data signal with the first wavelength and said examination 
signal with the second wavelength; and 

a monitoring unit which monitors a fault and a 
location of said fault based on said examination signal with 
the second wavelength. 
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[Claim 2] 4. » 

The transmisBlon line monitoring apparatus as 

Claimed in clai» 1, wherein said first optical 
„id first optical dividing unit, said second optical 
coupling unit, and said second optical dividing unit are 
formed of passive elements. 



[Claim 3] 



The transmission line monitoring apparatus as 
Claimed in claim 2, further comprising a first — i-^^^ 
Signal generator which generates said examination s.gnal wxth 
the second wavelength - 



[Claim 4] ^ ^4-,.* a« 

The transmission line monitoring apparatus as 

claimed In claim 3, wherein said '^nZl'. 

an alarm information output unit which monitors 
a signal level of said examination signal with the second 
wavelength and, if said signal level is lower than a 
predetermined signal level, then outputs alarm information, 

an alarm information displaying/transferring 
unit which, when said alarm Information is -^P""^J; 
displays said alarm information and insert ""-^ '^^^ 
tlf or,Ition into said up data signal to be transmitted to said 
host apparatus. 



[Claim 53 
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The transndsaion line monitoring apparatus as 
claimed in claim 2, further comprising a second examination 
signal generator which divides an input down data signal into 
two signals, one signal being converted into said down data 
signal with the first wavelength, the other signal being 
converted into said examination signal with the second 
wavelength. 



[Claim 61 

The transmission line monitoring apparatus as 
claimed in claim 5, wherein said monitoring unit includes: 

an error information output unit which 
generates an original down data signal from said examination 
signal with the second wavelength and outputs synchronous 
error information and data signal error information based on 
said original down data signal; and 

an error information displaying/transferring 
unit which, .when said synchronous error information and said 
data signal error information are outputted, displays said 
error information and inserts said error information into 
said up data signal to be transmitted to said host apparatus- 



CClalm 71 .. 

The transmission line monitoring apparatus as 

Claimed in claim 3, further comprising a first control unit 
which controls a start and atop of said first examination 
signal generator. 



[Claim 8] 

The transmission line monitoring apparatus as 
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claimed in claim 4, further comprising a second control unit 
which controls start and stop of said alarm information output 
unit and said alarm information display/transferring unit. 



[Claim 9] 

The transmission line monitoring apparatus as 
claimed in claim 1, further comprising a timer for managing 
said first control unit at given intervals. 



[Claim 10] 

The transmission line monitoring apparatus as 
claimed in one of claims 8 and 9. further comprising a command 
detecting unit which detects a command signal included in said 
down data signal so as to manage said first control unit based 
on said command signal. 



[Claim 11] 

A transmission line monitoring method for 
monitoring faults occurring in a transmission line and in 
apparatus connected to the transmission line, said 
transmission line monitoring method comprising the steps of: 

coupling a down data signal with a first 
wavelength and an examination signal with a second wavelength 
so as to transmit a first coupled signal to a lower apparatus; 

receiving said first coupled signal and dividing 
said first coupled signal into said down data signal with the 
first wavelength and said examination signal with the second 
wavelength; 

coupling an up data signal with the first 
wavelength and said examination signal with the second 
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wavelength so as to transmit a second coupled signal towards 

a host apparatus; 

receiving said second coupled signal and dividing 
said second coupled signal into said up data signal with the 
first wavelength and said examination signal with the second 

wavelength; and 

monitoring a fault and a location of said fault 
based on said examination signal with the second wavelength. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention generally relates to a 
transmission line method and apparatus, and more particularly 
to a transmission line monitoring method and apparatus which 
can pinpoint where a fault occurs among apparatus connected 
by optical transmission lines. 

[0002] 
[Prior Art] 

Recently, a network of optical fibers has been 
laid near to user's houses. This kind of optical fiber 
network has a maintenance management function of roughly 
specifying where a fault is when the fault occurs. 

For example, the maintenance management function 
is described with reference to Fig. 1 showing a conventional 
transmission line monitoring apparatus. The conventional 
apparatus comprises a service station 10, a user house 20, 
an optical fiber transmission down line 40 and an optical 
fiber transmission up line 42. 

[0003] 
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The service station 10 includes a station 
apparatus 12 such as an optical terminal apparatus disposed 
therein. The user house 20 includes a terminal apparatus 22 
and an in-house apparatus 24 such as a DSU (Digital Service 
Unit) with an optical/electric converting function. In 
general, the station apparatus 12 is referred to as a host 
apparatus and the in-house apparatus 24 as a lower apparatus. 

[0004] 

For example, the station apparatus 12 and 
in-house apparatus 24 both have return points for 
distinguishing a location of a fault. In particular, the 
in-house apparatus 24 has a return point near the terminal 
apparatus 22, and, at this return point, it can be 
distinguished whether the fault has occurred in the terminal 
apparatus 22 or on the host side including the in-house 
apparatus 24 and the host apparatus 12. 

At the return point of the in-house apparatus 24, 
an optical-to-electric converter 28 converts an optical 
signal received from the station apparatus 12 into an electric 
signal. The converted electric signal is transmitted to an 
electric/optical converter 30..via a returning processor 26. 
Then the electric/optical converter 30 converts the received 
electric signal into an optical signal and the converted 
optical signal is further transmitted to the station 
apparatus 12. 



[0005] 

In a case in which an out-of-phase of a received 
signal or an abnormality of the transmission up line 42 is 
detected in the station apparatus 12, it can be confirmed that 
a fault has occurred in the in-house apparatus 24 or in the 
optical fiber transmission up line 42. In this case, it is 
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needed to go to the user house 20 to change the in-house 
apparatus 24 disposed therein. After that, if the fault is 
removed, then it can be determined that the fault occurred 
in the in-house apparatus 24. If the fault is not removed 
even after the in-house apparatus 24 is changed, then it is 
needed to go to check the optical fiber transmission up line 
42. 

. [0006] 

In a case in which an out-of-phase of a received 
signal or an abnormality of the transmission down line 4 0 is 
detected in the user house 20, it can be confirmed that a fault 
has occurred in the in-house apparatus 24 or in the optical 
fiber transmission down line 40, In this case, it is needed 
to go to the user house 20 to change the in-house apparatus 
24 disposed therein • After that, if the fault is removed, 
it can be determined that the fault occurred in the in-house 
apparatus 24. If the fault is not removed even after the 
in-house apparatus 24 is changed, then it is needed to go to 
check the optical fiber transmission down line 40 » 

[0007] 

As mentioned above, at the return point of the 
in-house apparatus 24, it can be distinguished whether a fault 
position is in the terminal 22 or on its host side including 
the in-house apparatus 24. Further, at the return point of 
the station apparatus 12, it can be distinguished whether a 
fault-occurring position is on the host side of the station 
apparatus 12, or on the lower side including the in-house 
apparatus 24, the optical fiber transmission down line 40 and 
the optical fiber transmission up line 42. 

[0008] 
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[Problems to be Solved by the Invention] 

However, at the return points of the conventional 
transmission line monitoring apparatus, a fault position 
Lnnot be distinguished between the in-house apparatus 24 nd 

^h. ootical fiber transmission down and up lines 40, 42. 
the oP-cal^f ^^^^ ^ ^^^^ ^^^^^ ^ ^^^^^ _ 

the in-house apparatus 24, the optical fiber — 
.own line 40, and the optical fiber transmission up line 42, 
down xxn , accurately determined 

a position of the fauxr caim^ v = -F^^^id 

. -^^ A field survey. Performing such a field 
without performing a tieia survey 

survey increases man-hours. 

Furthermore, If a power .upply of the 1,-house 
appa«tue 24 In the user house 20 is disconnected, the 
conrentionel transmission line .onltorin, apparatus cannot 
normally. ^^^^^^^ ^^^^^^^^^ ^^^^^ 

eliminate the above problems. It is a general "^/^^ 
present invention to provide a transmission 
Tthod and apparatus, hy which method and apparatus n 
be distinctively determined whether a fault ^"^J^ 
in-house apparatus or in an optical 

the need to go to checK a power state of the .n-house apparatus. 
[0010] 

,„aans to .ascribed problems, 

... present invention provides a --^^^-^rn^ilfi" 
apparatus for monitoring faults occurring .n a transm. 
ifne and In apparatus which are connected to -nsmiss on 
line The transmission line monitoring apparatus Includes 
a first optical coupling unit which couples a 
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down data signal of a first wavelength and an examination 
signal of a second wavelength so as to transmit a first coupled 

signal to a lower apparatus; 

a first optical dividing unit which receives the 
first coupled signal froxa the optical coupling unit so as to 
divide the first coupled signal into the down data signal w.th 
the first wavelength and the examination signal with the 

second wavelength; 

a second optical coupling unit which couples an 
up data signal with the first wavelength and the examination 
signal with the second wavelength from the first optical 
dividing unit so as to transmit a second coupled signal toward 

a host apparatus; 

a second optical dividing unit which receives 

the second coupled signal frou. the second optical coupling 
unit so as to divide the second coupled signal into the up 
data Signal with the first wavelength and the examination 

signal with the second wavelength; and 

a monitoring unit which monitors a fault and a 

location of the fault based on the examination signal with 

the second wavelength. 

'"""^ The down data signal with the first wavelength 

and the examination signal with the second wavelength a« 
ooupled in the host apparatus . The coupled signal is supplied 
to the second optical dividing unit of the host apparatus 
through the first optical dividing unit and the second optical 
coupling unit of the lower apparatus. Thus, a construction 
oonsistmg of the host apparatus, the optical transMXSS.on 
line and the lower apparatus can carry out an optical signal 
return examination. Hence, when a fault occurs, it is easy 
to distinguish whether the fault occurs in the optical 
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transmission line or in the lower apparatus. 

For example, in a case where maintenance of the 
optical transmission line and the lower apparatus is each 
■inagedby a different person, it is needed to perform a fault 
distinction by a field survey, .ccordin. to the prese t 
invention, since the fault distinction can be performed 
beforehand, it is possible to rapidly handle the fault and 
save cost without the field survey. 

The transmission line monitoring apparatus may 
be configured such that the first optical coupling unit, the 
be conrig the second optical coupling unit, 

first optical dividing unxt, the second op massive 

rfivldina unit are formed of passive 
and the second optical diviaing ut 

elements . 

Since the fixst optical coupling unit, the first 
optic.1 dividing unit, the .econd optical coupling unit and 
L second optical dividing unit are formed of passxve 
eleJnts, t.e fault can .e distinguished without the need to 
go to Check a power state of the lower apparatus. 

The transmission line monitoring apparatus »ay 
further comprise a first examination signal generator for 
generating the examination signal with the second wavelength. 

Since the examination signal with the second 
wavelength is generated in the host apparatus the fault can 
he distinguished without affecting the data signal w.th the 

first wavelength. 

The transmission line monitoring apparatus may 
he configured such that the monitoring unit includes an alarm 
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information output unit which monitors a signal level of the 
examination signal with the second wavelength so as to output 
alarm information if the 3ignal level is lower than a 
predetermined signal level; and an alarm information 
displaying/transferring . unit which, «hen the alarm 
information is outputted, displays the alarm information and 
inserts the alarm information into the up data signal to be 
transmitted to the host apparatus. 

[0015] , ^. 

The examination signal with the second wavelength 

is monitored and if the signal level is lower than the 
predetermined signal level, the alarm informatxon is 
cutputted. Thus, faults occurring in the optical 
transmission line, the host apparatus, and the lower 
apparatus can be detected. Furthermore, when the f ^^^^^ 
detected, alarm information about the faults is displayed by 
the display unit such as an LED or the like and is transmitted 
to a host Side by inserting the alarm information into the 
up data signal to be sent to the host side, 

[00161 

The transmission line monitoring apparatus may 
further comprise a second examination signal generator which 
divides an input down data signal into two signals, one sxgnal 
being converted into the down data signal with the fxrst 
wavelength, the other signal being converted into the 

examination signal with the second wavelength. 

Since the examination signal with the second 

wavelength is generated from the down data signal, a circuit 

for generating the examination signal with the second 

wavelength can be simplified. 



11 



2005$12fl22B 15^16^1 ITO INTERNATIONAL PATENT OFFICE 



[001.7] 

The transmission line monitoring apparatus may 
be configured such that the monitoring unit includes: 

an error information output unit which generates 
an original down data signal from the examination signal with 
the second wavelength and, based on the original down data 
signal, outputs synchronous error information and data signal 

error information; and 

an error information displaying/transferring 

unit" Which, when the synchronous error information and the 
data signal error information are outputted, displays the 
error information and inserts the error information into the 
up data signal to be transmitted to the host apparatus. 

[0018] 

The original down data signal is generated from 
the examination signal so as to use the synchronous signal 
and the error correction signal that are Included in the down 
data signal. Thus, it is possible to output the synchronous 
error information for monitoring an abnormality . in a 
transmission line and the data signal error information for 
monitoring a transmission line state such as a transmission 
line inferior state or the like. 



[0019] 

Further, in a case where the synchronous error 
information and the data signal error information has been 
detected, the error information can be displayed by an LED 
or the like and transmitted to the host side as indicating 
that the synchronous error and the data signal error are 
generated by inserting^the error information into the up data 
signal to be transmitted to the host side. 

The transmission line monitoring apparatus may 
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further comprise a first control unit which controls start 
and stop of the first examination signal generator. 

[00201 

The start and stop of the first examination signal 
generator is controlled so as to save power by stopping the 
first examination signal generator in a case where the 
transmission line monitoring apparatus of the present 

invention is not needed. 

The transmission line monitoring apparatus may 
further comprise a second control unit which controls start 
and stop of the alarm information output unit and start and 
stop of the alarm information displaying/transferring unit. 

[0021] 

The start and stop of the alarm information output 
unit and start and stop of the alarm information 
displaying/transferring unit are controlled so as to save 
power by stopping the alarm information output unit and alarm 
information displaying/transferring unit in a case where the 
transmission line monitoring apparatus of the present 
invention is not needed. 

The transmission line monitoring apparatus may 
further comprise a timer which manages the first control unit 
at given intervals. 

[0022] 

The transmission line monitoring apparatus 
further includes a timer which manages the first control unit 
at given intervals so as to operate the transmission line 
monitoring apparatus of the present invention at the given 
intervals. 

The transmission line monitoring apparatus may 
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further comprise a command detecting unit which detects a 
command signal included in the down data signal so as to manage 
the first control unit based on the command signal. 

[0023] 

The command signal included in the down data 
signal is detected and the first control unit is managed based 
on the command signal. Thus, an apparatus further positioned 
on a higher side can control the transmission line monitoring 
apparatus of the present invention. Hence, it is possible 
to save power because an optical transmission line may be 
monitored only when the host apparatus judges that it is 
needed to monitor the transmission line. 

[0024] 

The above-mentioned objects of the present 
invention can be obtained by a transmission line monitoring 
method for monitoring faults occurring in a transmission line 
and in apparatus connected to the transmission line. The 
transmission line monitoring method includes the steps of: 

coupling a down data signal with a first 
wavelength and an examination signal with a second wavelength 
so as to transmit a first coupled signal to a lower apparatus; 

receiving the first coupled signal and dividing 
the first coupled signal into the down data signal with the 
first wavelength and the examination signal with the second 
wavelength; 

coupling an up data signal with the first 
wavelength and the examination signal with the second 
wavelength so as to transmit a second coupled. signal towards 

a host apparatus; 

receiving the second coupled signal and dividing 
the second coupled signal into the up data signal with the 
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first wavelength and the examination signal with the second 
wavelength; and 

monitoring a fault and a location of the fault 
based on the examination signal with the second wavelength* 

[0025] 

The down data signal with a first wavelength and 
the examination signal with a second wavelength are coupled 
in the host apparatus and transmitted to the lower apparatus. 
Then^ the coupled signal is divided into the down data signal 
with the first wavelength and the examination signal with the 
second wavelength in the lower apparatus. Next/ the up data 
signal with the first wavelength and the examination signal 
with the second wavelength divided in the dividing step are 
coupled and transmitted to the host apparatus. Finally, the 
signal coupled in the host apparatus is divided into the up 
data signal with the first wavelength and the examination 
signal with the second wavelength. Thus'/ a construction 
consisting of the host apparatus, the optical transmission 
line and the lower apparatus can carry out an optical signal 
return examination. Hence, it is easy to distinguish whether 
the fault occurred in the optical transmission line or in the 
lower apparatus, 

[0026] 

[Embodiments of the Invention] 

With reference to the drawings, a description is 
given of embodiments of the present invention. 

Fig- 2 is a block diagram for illustrating a 
transmission line monitoring apparatus of a first embodiment 
according to the present invention. In this diagram, a 
receiving frame converter 50 of a station apparatus 12 in a 
service station 10 receives a data signal from a host 
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apparatus (not shown) . The receiving frame converter 50 
converts a frame of the received data signal and transmits 
a converted signal to an electric/optical converter 60. 

[0027] 

The electric/optical converter 60 converts the 
data signal into an optical signal with a wavelength of A 
1 and transmits the optical signal to a transmitting WDM 
(wavelength division multiplex) portion 70. On the other 
hand, an optical signal (optical level) generator 80 of the 
station apparatus 12 generates an optical signal with a 
wavelength of A 2 as an examination signal and then transmits 
the optical examination signal to the transmitting WDM 
portion 70. 

[0028] 

The transmitting WDM portion 70 multiplexes the 
two optical signals to produce a multiplexed optical signal 
. with a wavelength of (A1+A2) . Thereafter, the transmitting 
WDM portion 70 transmits the multiplexed optical s:Lgnal to 
a receiving WDM2 portion 200 of an in-house apparatus 24 via 
an optical fiber transmitting down line 40. 

The receiving WDM2 portion 200 divides the 
multiplexed optical signal into a data signal with the 
wavelength of A 1 and an examination signal with the 
wavelength of A 2. Thereafter, the receiving WDM2 portion 200 
transmits the data signal with the wavelength of A 1 to an 
optical/electric converter 210 and the examination signal 
with the wavelength of A 2 to a transmitting WDM portion 27 0. 

[0029] 

The transmitting WDM portion 270 receives a data 
signal with the wavelength of A 1 from an electric/optical 
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converter 260, and the examination signal with the wavelength 
of A 2 and multiplexes the two received optical signals to 
produce an optical signal with the wavelength of ( A1+A2) . 
After that, the transmitting WDM portion 270 transmits the 
multiplexed optical signal to a receiving WDM portion 90 of 
the station apparatus 12 via an optical fiber transmitting 
up line 42. 

[0030] 

In addition, the examination signal with the 
wavelength of A 2 is formed to be a return signal by means 
of the receiving WDM2 portion 200 and the transmitting WDM 
portion 270 which portions are passive elements, and 
therefore the examination signal can return regardless of a 
state of a power supply of the in-house apparatus 24. 

On the other hand, the data signal with the 
wavelength of A 1 is transmitted to and converted by the 
optical/electric converter 210 of the in-house apparatus 24, 
and thereafter is transmitted to a transmission line 
synchronous frame converter 220. The transmission line 
synchronous frame converter 220 further transmits the data 
signal to a terminal 22 and, at the same time, to a transmission 
line synchronous frame converter 250 via a receiving alarm 
processor 230 and a transmitting alarm processor 240. 

[0031] 

The transmission line synchronous frame 
converter 250 inserts the data signal transmitted from the 
receiving alarm processor 230 and transmitting alarm 
processor 240 into a data signal transmitted by the terminal 
22, and then transmits the resulting data signal to the 
electric/optical converter 260. 

The receiving WDM portion 90 of the station 
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apparatus 12 receiving the multiplexed optical signal from 
the transmitting WDM portion 270 of the in-house apparatus 
24 divides the multiplexed optical signal into a data signal 
with the wavelength of Al and an examination signal with the 
wavelength of A 2. Thereafter, the receiving WDM portion 90 
transmits the data signal with the wavelength of A 1 to an 
optical/electric converter 100 and the examination signal 
with the wavelength of A 2 to an optical level monitoring 
portion 120. 

[0032] 

The optical level monitoring portion 120 
monitors an optical signal level of the examination signal 
with the wavelength of A 2. If the optical signal level is 
lower than a given level, the optical level monitoring portion 
120 supplies an optical fiber alarm information 
display/transferring portion 130 with alarm information 
indicating that a transmission line through which the 
examination signal has passed is abnormal . The optical fiber 
alarm information display/transferring portion 130 displays 
the alarm information and transmits the alarm information to 
a transmission line synchronous transmitting frame converter 
1X0. 

[0033] 

The transmission line synchronous transmitting 
frame converter 110 inserts the alarm information transmitted 
from the optical fiber alarm information 
display/transferring portion 130 into the data signal 
transmitted from the optical/electric converter 100, and 
transmits the resulting data signal to a host side of the 
service station 10- Thus, the alarm information showing an 
abnormality in the transmission line is transmitted to the 
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host side by being inserted into the data signal. 

A detailed description is given of major 
components of the transmission line monitoring apparatus 
according to the first embodiment with reference to the 
drawings. 

[0034] 

Fig- 3 is a block diagram for illustrating the 
optical signal (optical level) generator 80. The optical 
signal generator 80 includes a LD (laser diode) driver 
stopping circuit portion 81, a LD driver portion 82 and a LD 
83. The LD driver portion 82 determines an optical signal 
output level and supplies the LD 83 with a signal 
corresponding to the optical signal output level. The LD 83 
performs an electrical-to-optical conversion of the supplied 
signal into an examination data signal with the wavelength 
of A 2 and outputs the examination data signal. In addition, 
when supplied with a stop signal to be described later, the 
LD driver stopping circuit portion 81 stops the LD driver 
portion 82 from operating. 

[00353 

Fig. 4 is a block diagram for illustrating the 
transmitting WDM portion 70. The transmitting WDM portion 
7 0 shown in Fig . 4 includes an optical coupler 71. The optical 
coupler 71 is. supplied with a signal with the wavelength of 
A 1 and a signal with the wavelength of A 2, and divides and 
multiplexes the two signals so as to output a signal with the 
wavelength of (Al+A2) . In addition, the transmitting WDM 
portion 70 is formed of passive elements. 

Fig. 5 is a block diagram for illustrating the 
receiving WDM2 portion 200. The receiving WDM2 portion 200 
includes an optical separator 201 and optical filters 202, 
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203. The optical separator 201 is supplied with a signal with 
the wavelength of (A1+A2) which signal is obtained by 
dividing-and-multiplexing a signal with the wavelength of A 
1 and a signal with the wavelength of A 2, and functions to 
separate the divided-and-multiplexed signal with the 
wavelength of (A1+A2) into two parts. 

[0036] 

The optical separator 201 supplies one part of 
the divided-and-multiplexed signal with the wavelength of ( A 
1+A2) to the optical filter 202 and the other part to the 
optical filter 203. The optical filter 202 only passes 
through the optical signal with the wavelength of Al and 
therefore only outputs the optical signal with the wavelength 
of A 1 from the supplied divided-and-multiplexed signal with 
the wavelength of (A1+A2). The optical filter 203 only 
passes through the optical signal with the wavelength of A 
2 and therefore only outputs the optical signal with the 
wavelength of A 2 from the supplied divided-and-multiplexed 
signal with the wavelength of (Al+ A2). 

[0037] 

Fig. e is a block diagram for illustrating the 
optical level monitoring portion 120. The optical level 
monitoring portion 120 includes a PD (photo-diode) 121, an 
optical' level detecting portion 122, and an 
optical-level-detection stopping circuit portion 123. 

The PD 121 is supplied with an examination signal 
with the wavelength of A 2 and sends to the optical level 
detecting portion 122 a signal corresponding to an optical 
signal level of the examination signal with the wavelength 
of A 2. The optical level detecting portion 122 detects the 
optical signal level of the examination signal based on the 
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signal sent from the PD 121. If the optical signal level is 
lower than a given level, the optical level detecting portion 
122 outputs alarm information showing ah abnormality in a 
transmission line through which the examination signal has 
passed, in addition, if supplied with a stop signal to be 
described later, the optical-level-detection stopping 
portion 123 stops the optical level detecting portion 122 from 
operating. 

[0038] 

Fig. 7 is a block diagram for illustrating the 
optical fiber alarm information display/transferring 
portion 130, which portion 130 includes a receiving portion 
132, a lamp lighting driver 133, a pulse generator 134, and 
an alarm information re-timing portion 135. 

When supplied with a timing pulse signal from the 
transmission line synchronous transmitting frame converter 
110 as shown by (B) of Fig, 8, the pulse generator 134 transmits 
a clock signal and a. frame signal to the alarm information 
re-timing portion 135 as shown by (C) of Fig- 8. When supplied 
with alarm information indicating a transmission line 
abnormality as shown by (A) of Fig. 8, the receiving portion 

132 sends the alarm information to the lamp-lighting driver 

133 and the alarm information re-timing portion 135. 



[0039] 

When supplied with alarm information, according 
to timing of the clock signal and the frame signal, the alarm 
information re-timing portion 135 sends the alarm information 
to the transmission line synchronous transmitting frame 
converter 110 as shown by (E) of Fig. 8. 

When supplied with alarm information Indicating 
a transmission line abnormality, the lamp lighting driver 133 
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displays the alarm information. The alarm information may 
be displayed by various methods, such as lighting a lamp, LED 
or the like. In addition, when supplied with a stop signal 
from an optical transmitting/receiving control portion to be 
described later, the pulse generator 134 and the lamp lighting 
driver 133 stop. Further, the alarm information includes 
synchronous errors and data signal errors. 

[0040] 

As mentioned above, the transmission line 
monitoring apparatus of the first embodiment can 
distinctively determine whether a fault has occurred in the 
in-house apparatus 24 or in the optical fiber transmission 
•lines 40, 42 without the need to go to check the power state 
of the in-house apparatus 24. 

Next, ' a second embodiment of • the present 
invention will be described with reference to Fig. 9. Fig. 
9 illustrates a transmission line monitoring apparatus . The 
transmission line monitoring apparatus of Fig. 9 comprises 
an optical examination data generating portion 300 instead 
of the optical signal generator 80 of Fig. 1. Accordingly, 
the transmission line monitoring apparatus of Fig. 9 ' is 
basically the same, as that of Fig. 1, and the same portions 
are given the same reference numerals and a description 
thereof is omitted. 



[0041] 

The optical examination data generating portion 
300 converts a data signal from the receiving frame converter 
50 into an optical signal with the wavelength of A 1 and an 
optical signal with the wavelength of A 2 and supplies the 
two optical signals to the transmitting WDM portion 70. 

Hereinafter, a detailed description of the 
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optical examination data generating portion 300 will be given 
with reference to Fig. 10. Fig. 10 is a block diagram for 
illustrating the optical examination data generating portion 
300 which includes a LD driver 301, a data signal LD 302, and 
an examination signal LD 303. 

[00421 

The LD driver 301 receives and transmits a data 
signal to the data signal LD 302 and the examination signal 
LD 303. The data signal LD 302 performs an electric/optical 
conversion of the received data signal into a data signal with 
the wavelength of Al and outputs the converted data signal 
with the wavelength of Al. The examination signal LD 303 
performs an electric/optical conversion of the received data 
signal into a data signal with the wavelength of A 2 and 
outputs the converted data signal with the wavelength of A 
2. 

(00433 

As mentioned above, the transmission line 
monitoring apparatus of the second embodiment uses a data 
signal to generate an examination signal, and thereby an 
individual circuit for generating the examination signal is 
not needed. Hence, circuits in the transmission line 
monitoring apparatus can be simplified. 

Next, a third embodiment of the present 
invention will be described with reference to Fig. 11. A 
transmission line monitoring apparatus shown in Fig. 11 has 
an optical examination data receiving portion 310 instead of 
the optical level monitoring portion 120 shown in Fig. 9. 
Accordingly, the transmission line monitoring apparatus of 
Fig. 11 is similar to that of Fig. 9, and the same portions 
are given the same reference numerals and a description 
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[0044] 

The optical examination data receiving portion 
310 receives an examination signal with the wavelength of X 
2 from the receiving WDM portion 90 and performs an 
optical/electric conversion of the optical signal into an 
original data signal so as to detect a synchronous error and 
a data signal error by using the data signal. For example, 
the synchronous error shows a transmission line abnormality 
and the data error shows a transmission line state . It should 
be noted that a data signal supplied from the receiving frame 
converter 50 is used as an examination signal. The optical 
examination data receiving portion 310 sends the detected 
synchronous error and data signal error to the optical fiber 
alarm information display/transferring portion 130. 

[0045] 

A detailed description of the optical examination 
data receiving portion 310 will be given with reference to 
Fig. 12. Fig. 12 is a configuration example of the 
examination data receiving portion . The optical examination 
data receiving portion 310 shown in Fig. 12 includes a PD 311, 
an optical-level-detection stopping circuit portion 312, an 
electrical signal regulating portion 313 and a synchronous 
processing portion 314. 

The PD 311 receives an examination signal with 
the wavelength of X 2 and performs an optical/electric 
conversion of the examination signal into an original data 
signal. The original data signal is transmitted to the 
electrical signal regulating portion 313, in which reshaping, 
re-timing and regenerating are performed for the original 
data signal. Thereafter, the processed data signal is 
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transmitted from the electrical signal regulating portion 313 
to the synchronous processing portion 314 in which a 
synchronous processing is carried out for the data signal. 

The synchronous processing will be described with 
reference to Fig. 13. Fig. 13 illustrates an example of the 
synchronous processing- As shown by (A) of Fig. 13, the 
synchronous processing of a data signal includes detection 
of a synchronous error by detecting frame synchronous bits 
which are included in the data signal. ■ A reference character 
"F" denotes the frame synchronous bits and "D" denotes data 
regions. 

[0047] . 

in (B) of Fig. 13, an example of a bit-strmg of 

the frame synchronous bits is illustrated. Herein, Fl, F3 

and F5 are used as synchronous bits, F2 and F4 are used as 

CRC error detecting bits, and F6 is used as an alarm 

information bit. The synchronous error is detected by the 

synchronous bits at the same time the data signal error is 

detected by the CRC error detecting bits . Thus , the detected 

synchronous error and data signal error are stored in F6. 

[0048] ^ _ 

in (C) of Fig. 13, an example of a bit-string of 

the alarm information bits of F6 is illustrated. Herein, a 

first bit of F6 (hereinafter referred to as F6-1, and the same 

applying to other bit-strings) is used as a synchronous bit 

of the alarm information bit, and F6-2 to F6-6 are used as 

the alarm information. For example, F6-2 is used as a bit 

indicating a synchronous error and F6-3 as a bit indicating 

a data signal error. In addition, other kinds of alarm 
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information can be transferred as mentioned above. 
[0049] 

Returning to Fig. 12, the synchronous processing 
portion 314 outputs the above-mentioned alarm information to 
the optical fiber alarm information display/transferring 
portion 130. In addition, in a case in which a stop signal 
from a later-described optical receiving control portion 330 
is transmitted to the optical-level-detection stopping 
circuit portion 312, the processing of the electrical signal 
regulating portion 313 and the synchronous processing portion 
314 stop. 

As mentioned above, the transmission line 
monitoring apparatus of the third embodiment of the present 
invention can detect a synchronous error and a data signal 
error in the optical examination data receiving portion 310 
by generating an examination signal from a data signal. Hence, 
a transmission line abnormality can be monitored by a 
synchronous error, and a transmission line state such as an 
inferior state, or the like can be monitored by a data signal 
error. 

[0050] 

Next, a fourth embodiment of the present 
invention will be described with reference to Fig. 14. A 
transmission line monitoring apparatus shown in Fig. 14 is 
basically the same as that of Fig. 2 except for further having 
an optical transmission control portion 320. Accordingly, 
the same portions are given the same reference numerals and 
a description thereof is omitted. 



[0051] 

For example, in a case in which the in-house 
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apparatus 24 of the user house 20 does not support a 
transmission line monitoring method of the present invention, 
generating an examination signal becomes useless. For this 
reason, the optical transmission control portion 320 sends 
a stop signal to the optical signal generator 80 in a case 
where a transmission line monitoring apparatus of the present 

invention is not needed. 

A detailed description of the optical 
transmission control portion 320 will be given with reference 
to Fig. 15, The optical transmission control portion 320 
shown in Fig. 15 includes a control information detecting 
portion 321, a pulse generator 322, a counter control portion 
323, a counter portion.324 and a SW portion 325, 

[00523 

The control information detecting portion 321 
detects and transmits a control signal from a later-described 
timer to the counter control portion 323. The pulse generator 
322, based on a clock signal and a frame phase pulse signal, 
generates a timing signal for detecting the control signal 
in the control information detecting portion 321. 

The SW portion 325 sets a time for stopping 
generation of an examination signal according to a manual 
setting, and then, based on the set time, sends a control 
signal to the counter control portion 323. In addition, the 
SW portion 325 may be set up for stopping generation of an 
examination signal regardless of the set time. 



[0053] ^ 

The counter control portion 323 controls the 

counter portion 324 based on control signals from the control 

information detecting portion 321 and the SW portion 325, The 

counter portion 324 is controlled by the counter control 
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portion 323 so as to send the optical signal generator 80 a 
stop signal indicating a stop of the examination signal. 

As mentioned above, the transmission line 
monitoring apparatus of the fourth embodiment of the present 
invention can save power by stopping generation of an 
examination signal when the transmission line monitoring 
apparatus is not needed, 

[0054] 

Next, a fifth embodiment of the present invention 
will be described with reference to Fig. 16. A transmission 
line monitoring apparatus shown in Fig. 16 is basically the 
same as that of Fig. 2 except for further having an optical 
receiving control portion 330. Accordingly, the same 
portions are given the same reference numerals and a 
description thereof is omitted. 



[0055] 

For example, in a case where the in-house 
apparatus 24 of the user house 20 does not support a 
transmission line monitoring method Of the present invention, 
to generate alarm information indicating a transmission line 
abnormality based on an examination signal becomes useless. 
That is, the optical level monitoring portion 120 and the 
optical fiber alarm information display /transferring 
portion 130 are needed to be used. For this reason, when the 
transmission line monitoring apparatus of the present 
invention is not needed, the optical receiving control 
portion 330 sends a stop signal to the optical level 
monitoring portion 120 and the optical fiber alarm 
information display/transferring portion 130. In addition, 
the optical receiving control portion 330 has the same 
construction as the optical receiving control portion 320 of 
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Fig. 15 and a description thereof is omitted. 
[0056] 

As mentioned above^ the transmission line 
monitoring apparatus of the fifth eiubodiment of the present 
invention can save power by stopping generation of alarm 
information when the transmission line monitoring apparatus 
is not needed- 

Next^ a sixth embodiment of the present 
invention will be described with reference to Fig»17» ^ 
transmission line monitoring apparatus of Fig. 17 is basically 
the same as that of Fig. 14 except for further having a timer 
portion 340. Accordingly, the same portions are given the 
same reference numerals and a description thereof is omitted. 

[00571 

The timer portion 340 functions to manage time 
and sends the optical receiving control portion 320 a control 
signal for controlling a start or stop of generating an 
examination signal. The control signal controls an interval 
of generating the examination signal so as to make the 
transmission line monitoring apparatus of the present 
invention operates at given intervals. 

A detailed description of the timer portion 340 
is given with reference to Fig. 18. The timer portion 340 
shown in Fig. 18 includes a clock portion 341 and a counter 
portion 342. 

[0058] 

The clock portion 341 generates a clock signal 
and sends the clock signal to the counter portion 342. Based 
on the clock signal, the counter portion 342 performs time 
management, and sends a control signal to the optical 
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receiving control portion 320 as soon as it counts the clock 
signal corresponding to a given time. In addition^ when 
supplied with a signal from a later-described command 
detecting portion^ the counter portion 342 stops its 
processing. 

[0059] 

As mentioned above, the transmission line 
monitoring apparatus of the sixth embodiment of the present 
invention can work at given intervals by using the timer 
portion 34 0 to control generation of an examination signal. 
Hence/ the consumption of power used by the apparatus can be 
reduced- 
Next, a seventh embodiment of the present 
invention will be described with reference to Fig. 19. A 
transmission line monitoring apparatus shown in Fig. 19 is 
basically the same as that of Fig. 17 except for further having 
a command detecting portion 350. Accordingly, the same 
portions are given the same reference numerals and a 
description thereof is omitted. 

[0060] 

The command detecting portion 350 detects an 
examination control command signal stored in a predetermined 
position of a data signal transmitted from a host side^ and 
sends a signal obtained based on the command signal to the 
optical receiving control portion 320 and the timer portion 
340. In addition, the examination control command signal is 
formatted as shown in Fig. 20. Fig. 20 is an explanation view 
illustrating an example of the examination control command 
signal. 

[0061] 
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The examination control command signal of Fig. 
20 respectively indicates examination in formation in each 
bit thereof* For examplCr COl indicates a start /stop of a 
transmission line examination, and C02 indicates a stop of 
the transmission line examination, or a start performed at 
given intervals- Hence, the transmission line monitoring 
apparatus can be controlled on the host side, 

A detailed description of the command detecting 
portion 350 is given with reference to Fig. 21. Fig. 21 is a 
configuration example of the command detecting portion. The 
command detecting portion 350 shown in Fig. 21 includes a 
control frame synchronous portion 351 and a control 
information DET portion 352. 

[0062] 

The control frame synchronous portion 351 
synchronizes an examination control command signal with a 
timing pulse signal supplied from the receiving frame 
converter 50. Thereafter the examination control command 
signal is transmitted to the control information DET portion 
352 in which a control signal is detected. The control 
information DET portion 352 sends the detected control signal 
to the optical transmission control portion 320 and the timer 
portion 340. 

[0063] 

As mentioned above, the transmission line 
monitoring apparatus of the seventh embodiment of the present 
invention can use the command detecting portion 350 to detect 
a control signal from a data signal supplied by a host 
apparatus. Hence, control of the transmission line 
monitoring apparatus can be performed in a host apparatus. 
Furthermore, the transmission line monitoring apparatus of 
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the present invention can save power because an examination 
is only performed when the host apparatus transfers alarm 
information indicating a transmission line abnormality. 

[0064] 

In what is claimed/ a first optical coupling unit 
corresponds to the transmitting WDM portion 70, a first 
optical dividing unit corresponds to the receiving WDM2 
portion 200 ^ a second optical coupling unit corresponds to 
the transmitting WDM portion 270, a second optical dividing 
unit corresponds to the receiving WDM portion 90, a first 
examination signal generator corresponds to the optical 
signal generator 80, an alarm information output unit 
corresponds to the optical level monitoring portion 120^ an 
alarm information display/transferring unit corresponds to 
the optical fiber alarm information display/transferring 
portion 130, a second examination signal generator 
corresponds to the optical examination data generating 
portion 300, an error information output unit corresponds to 
the optical examination data receiving portion 310, an error 
information displaying/transferring unit corresponds to the 
optical fiber alarm information display/transferring 
portion 130, a first control unit corresponds to the optical 
transmitting control portion 320, a second control unit 
corresponds to the optical receiving control portion 330, a 
timer corresponds to the timer portion 340, and a command 
detecting unit corresponds to the command detecting portion 
350. 

[0065] 

[Advantages of the Invention] 

The down data signal with the first wavelength 
and the examination signal with the second wavelength are 
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coupled in the host apparatus . The coupled signal is supplied 
to the second optical dividing unit of the host apparatus 
through the first optical dividing unit and the second optical 
coupling unit of the lower apparatus. Thus^ a construction 
consisting, of the host apparatus^ the optical transmission 
line and the lower apparatus can carry out an optical signal 
retufn examination. Hence, when a fault occurs,, it is easy 
to distinguish whether the fault occurs in the optical 
transmission line or in the lower apparatus. 

[0066] 

For example, in a case where maintenance of the 
optical transmission line and the lower apparatus is each 
managed by a different person, it is needed to perform a fault 
distinction by a field survey. According to the present 
invention, since the fault distinction can be performed 
beforehand, it is possible to rapidly handle the fault and 
save cost without the field survey. 

Since the first optical coupling unit, the first 
optical dividing unit, the second optical coupling unit, and 
the second optical dividing unit are formed of passive 
elements, the fault can be distinguished without the need to 
go to check. a power state of the lower apparatus. 

[0067] 

Since the examination signal with the second 
wavelength is generated in the host apparatus, the fault can 
be distinguished without affecting the data signal with the 
first wavelength. 

• The examination signal with the second wavelength 
is monitored and if the signal level is lower than the 
predetermined signal level, the alarm information is 
outputted- Thus, faults occurring in the optical 
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transmission line, the host apparatus, and the lower 
apparatus can be detected. Furthermore, when the faults are 
detected, alarm information about the faults is displayed by 
the display unit such as an LED or the like and is transmitted 
to a host side by inserting the alarm information into the 
up data signal to be sent to the host side. 

[0068] 

Since the examination signal with the second 
wavelength is generated from the down data signal, a circuit 
for generating the examination signal with the second 
wavelength can be simplified. 

The original down data signal is generated from 
the examination signal so as to use the synchronous signal 
and the error correction signal that are included in the down 
data signal • Thus, it is possible to output the synchronous 
error information for monitoring an abnormality in a 
transmission line and the data signal error information for 
monitoring a transmission line state such as a transmission 
line- inferior state or the like. 

[0069] 

Further, in a case where the synchronous error 
information and the data signal error information has been 
detected, the error information can be displayed by an LED 
or the like and transmitted to the host side as indicating 
that the synchronous error and the data signal error are 
generated by inserting the error information into the up data 
signal to be transmitted to the host side. 

The start and stop of the first examination signal 
generator is controlled so as to save power by stopping the 
first examination signal generator in a case where the 
transmission line monitoring apparatus of the present 
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invention is not needed. 
[0070] 

The start and stop of the alarm information output 
unit and start and stop of the alarm information 
displaying/transferring unit are controlled so as to save 
power by stopping the alarm information output unit and alarm 
information displaying/transferring unit in a case where the 
transmission line monitoring apparatus of the present 
invention is not needed. 

The transmission line monitoring apparatus 
further includes a timer which manages the first control unit 
at given intervals so as to operate the transmission line 
monitoring apparatus of the present invention at the given 
intervals . 

[0071] 

The command signal included in the down data 
signal is detected and the first control unit is managed based 
on the command signal- Thus, an apparatus further positioned 
on a higher side can control the transmission line monitoring 
apparatus of the present invention. Hence,, it is possible 
to save power because an optical transmission line may be 
monitored only when the host apparatus judges that it is 
needed to monitor the transmission line. 

[00723 

The down data signal with a first wavelength and 
the examination signal with a second wavelength are coupled 
in the host apparatus and transmitted to the lower apparatus. 
Then, the coupled signal is divided into the down data signal 
with the first wavelength and the examination signal with the 
second wavelength in the lower apparatus. Next, the up data 
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signal with the first wavelength and the examination signal 
with the second wavelength divided in the dividing step are 
coupled and transinitted to the host apparatus- Finally, the 
signal coupled in the host apparatus is divided into the up 
data signal with the first wavelength and the examination 
signal with the second wavelength. Thus, a construction 
consisting of the host apparatus, the optical transmission 
line and the lower apparatus can carry out an optical signal 
return examination • Hence, it is easy to distinguish whether 
the fault occurred in the optical transmission line or in the 
lower apparatus - 

[Brief Description of the Drawings] 
[Fig-1] 

A block schematic diagram for illustrating a 
conventional transmission line monitoring apparatus; 

[Fig. 2] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a first embodiment according to 
the present invention; 

[Fig. 3] 

A block diagram for illustrating an. optical 
signal (optical level) generator of the first embodiment 
according to the present invention; 

[Fig. 4] 

A block diagram for illustrating a transmitting 
WDM portion of the first embodiment according to the present 
invention; 

[Fig. 5] 
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A block diagram for illustrating a receiving WDM 
portion of the first erabodiment according to the present 
invention; 

[Fig. 6] 

A block, diagram for illustrating an optical 
signal (optical level) receiving portion of the first 
embodiment according to the present invention; 

[Fig. 73 

A block diagram for illustrating an optical fiber 
alarm displaying/transmitting portion of the first 
embodiment according to the present invention; 

[Fig. 8] 

A view showing timing of input and output signals 
of the optical fiber alarm displaying/transmitting portion 
of the first embodiment according to the present invention; 

[Fig. 9] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a second embodiment according 
to the present invention; 

[Fig. 10] 

A block diagram for illustrating an optical 
examination data generating portion of the second embodim^ent 
according to the present invention; 

[Fig.H] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a third embodiment according to 
the present invention; 
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[Fig. 12] 

A block diagram for illustrating an optical 
examination data receiving portion; 

[Fig. 13] 

A view showing an example of asynchronous 
processing of th& third embodiment according to the present 
invention; 



[Fig^l4] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a fourth embodiment according 
to the present invention; 

[Fig. 15] 

A block diagram for illustrating an optical 
transmission control portion of the fourth embodiment 
according to the present invention; 

[Fig. 16] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a fifth embodiment according to 
the present invention; 

[Fig. 17] 

A block diagram for illustrating a transmission 
line monitoring apparatus of a sixth embodiment according to 
the present invention; 

[Fig. 18] 

A block diagram for illustrating a timer of the 
sixth embodiment according to the present invention; 
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[Fig. 19] 

A block diagram for illustrating a transiaission 
line monitoring apparatus of a seventh embodiment according 
to the present invention; 

[Fig. 20] 

A block diagram for illustrating an examination 
control command signal of the seventh embodiment according 
to the present invention; and 

[Fig. 21] 

A block diagram for illustrating a command 
detecting portion of the seventh embodiment according to the 
present invention . 

[Description of the Reference Numbers] 

10: Service Station 

12: Station Apparatus 

20: User House 

22: Terminal Apparatus 

24: In-house Apparatus 

40: Optical Fiber Transmission Down Line 

42: Optical Fiber Transmission Up Line 

70, 270: Transmitting WED Portion 

80: Optical Signal Generator 

90, 200: Receiving WDM Portion 

120: Optical Level Monitoring Portion 

130: Optical Fiber Alarm Information Display/Transferring 
Portion 

300: Optical Examination Data Generating Portion 
310: Optical Examination Data Receiving Portion 
320: Optical Transmission Control Portion 
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330: Optical Receiving Control Portion 

340: Timer Portion 

350: Command Detecting Portion 
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[Name of the Document] Abstract 

[Abstract] 

[Object] 

The object of the present invention is to provide 
a transmission line monitoring method and apparatus, by which 
method and apparatus it can be distinctively determined 
whether a fault occurs in an in-house apparatus or in an 
optical transmission line without the need to go to check a 
power state of the in-house apparatus. 
[Solution Means] 

The object above can be eliminated by a 
transmission line monitoring apparatus including a first 
optical coupling unit 70 which couples a down data signal of 
a first wavelength and an examination signal of a second 
wavelength so as to transmit a first coupled signal to a lower 
apparatus; a first optical dividing unit 200 which receives 
said first coupled signal from said optical coupling unit 70 
so as to divide said first coupled signal into said down data 
signal with the first wavelength and said examination signal 
with the second wavelength; a second optical coupling unit 
270 which couples an up data signal with the first wavelength 
and said examination signal with the second wavelength from 
said first optical dividing unit 200 so as to transmit a second 
coupled signal toward a host apparatus; a second optical 
dividing unit 90 which receives said second coupled signal 
from said second optical coupling unit so as to divide said 
second coupled signal into said up data signal with the first 
wavelength and said examination signal with the second 
wavelength; a monitoring unit which monitors a fault and a 
location of said f.ault based on said examination signal with 
the second wavelength; 120; and 130. 
[Selected Figure] Fig. 2 
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